1. Introduction
===============

Juvenile idiopathic arthritis (JIA) is defined as a disease with an age of onset before 16, essentially characterized by the presence of persistent arthritis in one or more joints, for at least six weeks, given that other causes have been ruled out. JIA diagnosis is based mainly on clinical history and physical examination, other methods being used essentially to rule out other diagnostic probabilities and comorbidity ([@b1-epj-08-2897]). There are very limited serological markers with valid serological value; one of them is rheumatoid factor (IgM-RF) which known to be the main immunological marker for rheumatoid arthritis (RA). However, in JIA, generally at the earliest stage of the disease, IgM-RF is detected only in low numbers. Unfortunately, there is no association between IgM-RF and severity of the clinical symptoms. It is also possible that IgM RF could exist in other diseases and even in children free of health problems ([@b2-epj-08-2897]). The antinuclear antibodies (ANA) are the only markers for the onset of oligoarticular disease with uveitis, and are also not pathognomonic for JIA ([@b3-epj-08-2897]). The diagnosis of JIA is very difficult as it depends mainly on clinical manifestations to establish its diagnosis, particularly at the early stage of the disease, since the clinical symptoms are generally not characteristic. Search for markers, however, has continued as seropositivity for some of these markers has been considered a risk factor for disease severity, complications and sometimes dictates therapeutic options ([@b4-epj-08-2897]). An autoanti body called anti-cyclic citrullinated peptide (anti-CCP) has been studied. Citrullin, a post-translation modification of arginine residues, is an amino acid. It usually exists in high concentrations in the fillagrin peptide chain. Areas which are citrullin rich appear to become the target of antifillagrin antibodies, which cultivates a synthetic peptide rich in citrullin to create more stable and standardized enzyme immunoassay ([@b5-epj-08-2897]). The prevalence of autoantibodies in adults has been thoroughly researched, but studies in JIA have been limited. Studies of anti-CCP frequency in patients with JIA found that it can be detected in patients with positive RF and onset of polyarthritis ([@b6-epj-08-2897]). In children anti-CCP levels is positively correlated with the high disease activity and were detected even at the early stages of the disease, in all JIA subtypes ([@b7-epj-08-2897]). In 2010, one of the new RA criteria for American College of Rheumatology (ACR)/European League against Rheumatism (EULAR) was the presence of anti-CCP antibodies. Not enough studies have assessed anti-CCP levels in JIA, and the only study which examined anti-CCP was in part of a cohort of adult RA patients with onset of juvenile polyarticular arthritis ([@b8-epj-08-2897]).According to findings in adults with RA anti-CCP antibodies are believed to be very specific for rheumatoid process. In addition, they are also present in around fifth of RF-negative RA cases ([@b9-epj-08-2897]). Moreover, anti-CCP antibodies may be an indicator of the rheumatoid process activity and severity and can be predictors of progressive bone radiological damage ([@b2-epj-08-2897]). Recent studies have highlighted the possible significance of anti-CCP antibodies in monitoring JIA patients to predict the disease outcome. Generally, RF and anti-CCP antibodies have demonstrated great importance in JIA patients evaluation to predict which patients may have more aggressive or severe disease and to determine possible treatment plans to prevent joint damage and disability ([@b10-epj-08-2897]). Furthermore, anti-CCP antibodies are effective markers of disease activity. The anti-CCP antibodies are believed to be more useful in JIA than other investigated serological markers and their inclusion into JIA classification criteria should be considered ([@b11-epj-08-2897]).

2. Material and Methods
=======================

2.1. Research design and participants
-------------------------------------

The study was conducted on fifty patients suffering from Juvenile Idiopathic Arthritis (JIA) diagnosed according to the 1997 International League against Rheumatism (ILAR) classification criteria ([@b8-epj-08-2897]). They were recruited from the Rheumatology Outpatient Clinic of Cairo University Specialized Pediatric Hospital between May 2012 & July 2012. As a control group, 40 sex and age-matched children were tested for ACCP, but all of them had negative results.

2.2. Case history
-----------------

All patients were subjected to comprehensive history taking including the presence of constitutional manifestations, joint pain or swelling (site, symmetry & pattern) and presence of complications (uveitis, hepatosplenomegaly or joint deformity).

2.3. Clinical examination
-------------------------

Joints were examined through inspection (overlying skin, muscle wasting, swelling or deformity), palpation (temperature, tenderness or swelling) and evaluation of range of motion of each joint with observation regarding abnormal movement.

2.4. Radiological study and laboratory tests
--------------------------------------------

Complete blood count, erythrocyte sedimentation rate, liver & kidney function tests and complete urine analysis. Plain x-ray is done over the involved joints. For assay of anti-CCP antibodies, 2 ml venous blood samples were collected in serum separator tubes. Serum was separated by centrifugation at 2000 rpm for 15 minutes and stored at −20 °C for later assay of anti-CCP antibodies. Both patients and controls underwent assay of anti-CCP antibodies by AxSYM Anti-CCP IgG Microparticle Enzyme Immunoassay (MEIA). The cut-off value for the assay is 5.0 U/mL, whereby a result of ≥ 5.0 U/mL is considered positive and a result of \< 5.0 U/mL is considered negative.

2.5. Statistical analysis
-------------------------

Data were analyzed using descriptive statistics, Mann-Whitney U test, ANOVA, and independent-samples t-test. We used SPSS version 15 (SPSS Inc., Chicago, Illinois, USA) and Microsoft Excel version 7 (Microsoft Corporation, NY, and USA).

3. Results
==========

Twenty seven patients were females (54 %) while twenty three patients were males (46%), with a mean age of 10.82 ± 3.527 years. Female to male ratio is 27:23, the age was ranging between 3 -- 16 years with a mean of 10.82 ± 3.527 years. Age of onset was ranging between 2--13 years with a mean of 7.20 ± 2.733 years while disease duration was ranging between 1--10 years with a mean of 3.60 ± 2.347 years. Regarding the age of our patients, five patients (10%) were less than 5 years old, twelve patients (24%) were between 5 -- 10 years old and thirty three patients (66%) were more than 10 years old. After detailed history taking and clinical examination of fifty patients with juvenile idiopathic arthritis, the commonest type of onset observed was the oligoarticular JIA in 34 patients (68%), followed by systemic onset JIA in 12 patients (24%), and the least common was polyarticular JIA in 4 patients (8%). The main symptoms of JIA in 22 of our patients (44%) were often non-specific initially, and included lethargy, reduced physical activity, and poor appetite. Some patients presenting with non-specific symptoms showed initially spiking fevers lasting more than two weeks, typically occurring once, twice each day, with temperature returning to the normal or below normal in 8 patients (16%) while a pink salmon rash on the neck, trunk and sometimes upper limbs, was the initial sign in only 4 patients (8%). Another important manifestation was limping. It presented in 15 of our patients (30%). Morning stiffness was a cardinal clinical feature in 10 of our patients (20%). Three of our patients (6%) presented with late complications of arthritis including joint contracture and joint damage.

As for organomegaly, seven patients had hepatosplenomegaly (14%) while lymphadenopathy was detected in six patients (12%). Regarding complications, six patients developed uvietis (12 %), where five patients had oligoarticular onset JIA while only one patient had systemic onset JIA. Comparing the patients' weight to the Egyptian growth charts, seventeen patients' weights (34 %) were below normal centiles for age. While comparing patient's height to the Egyptian growth charts, ten patients' heights (20 %) were below normal centiles for age. As for disease activity, nineteen patients (38%) were in activity as evidenced by their clinical/laboratory profiles whereas thirty one patients (62 %) were in remission. Follow up investigations done for each patient at the time of the study revealed that hemoglobin values ranged from 8.8--12.3 g/dl with a mean of 11.51 ± 1.39 g/dl, Total leucocytic count (TLC) ranged from 2.7--14 × 1000/mm3 with a mean of 10.34 ± 10.71 × 1000/mm3, The platelet counts ranged from 68--610 × 1000/μl with a mean of 344.25 ± 141.81 ×1000/μl, The erythrocyte sedimentation rate (ESR) ranged from 12--130 mm/hr with a mean of 65.00 ± 36.17 mm/hr. Rheumatoid factor was positive in three patients (6%), while it was negative in forty seven patients (94%). Three of our patients (6%) were observed to have combined osteopenia & bony deformities noticed in their X-rays, while the other forty seven patients (94%) did not have any specific abnormalities in their X-rays. At the time of examination; thirty nine patients (78%) were receiving Disease Modifying Agents (Methotrexate), thirty patients (60%) were receiving non-steroidal Anti Inflammatory Drugs (NSAIDs), 29 (58%) were receiving Steroids, whereas 20 patients (40%) were receiving Hydroquinone. Out of the 50 patients; ACCP antibodies was noticed positive in 4 (8%) while it was negative in 46 patients (92%). ACCP ranged from 0.3--200 with a mean of 11.202 ± 40.2144. Out of these 4 patients with positive ACCP, three were females (75 %) while only one was male (25 %). These four patients were characterized by having average age of 10.25 years and average age of onset of 8.5 years. All of them having polyarticular onset and were in disease activity. There was a significant statistical difference regarding the type of onset with a P value of = 0.002 There was a significant statistical difference on comparing ACCP in polyarticular JIA versus other types of JIA (p=0.001). Correlations revealed a significant statistical difference regarding the Rheumatoid Factor positivity in relation to ACCP levels (p=0.004). There was a significant statistical difference of ACCP levels in correlation with the abnormal Radiological findings (bony deformities & osteopenia) (p=0.004). There was a no significant statistical difference of ACCP levels in correlation with the disease activity (p=0.326). There was no significant statistical difference regarding neither sex nor age of patients (p=0.306 p=0.972 respectively). There was no significant statistical difference regarding the age of onset, disease duration or activity (p=0.594, p=0.187, and p=0.326 respectively). There was no significant statistical difference regarding the development of uveitis as a complications in JIA patients (p=0.224).

4. Discussion
=============

Juvenile idiopathic arthritis (JIA) is a term that collectively refers to a group of chronic arthropathies, which together constitute the most common rheumatic condition in children. JIA is not a disease but an exclusion diagnosis that applies to any arthritis of unknown cause (such as infectious, oncologic, or other rheumatic etiologies) persisting for more than 6 weeks with an onset before the age of 16 years ([@b14-epj-08-2897]). A patient who had anti-CCP positive was discovered to have polyarticular disease and reagent RF and also later onset (thirteen years). With this observation and with findings by other authors, it suggests that this auto-antibody could be a marker of JIA with a possibility to progress to the typical form of adult RA ([@b15-epj-08-2897]). The purpose of our study was to assess the prevalence of anti-CCP antibodies in children with JIA and to detect its clinical significance and diagnostic value in correlation with age, sex, duration of the disease and activity. There is an agreement between our study and the studies done by Duffy et al concerning the sex distribution of JIA patients with females being commoner than males which was reported as a ratio of 27:23 in our study ([@b16-epj-08-2897]). Martini et al studied the correlation of sex distribution in relation to JIA subtypes stating that more females than males were affected by JIA; however, the sex distribution varied by disease subtype, with a striking female predominance in the oligoarticular and polyarticular onset subtypes, an even distribution of sexes in the systemic onset subtype, and a male predominance in the enthesitis related arthritis subtype ([@b17-epj-08-2897]). On the other hand, according to the type of onset of JIA, Duffy et al reported that 50 % of JIA patients had oligoarticular JIA, 40 % had polyarticular JIA and 10 % had systemic JIA which is different from our study. The commonest type of onset in our study was the oligoarticular JIA in 68% of patients, followed by systemic onset JIA in 24% of patients, the least common was polyarticular JIA in 8% of patients ([@b16-epj-08-2897]). In our study, the range of age of onset was 2--13 with a mean of 7.20 and standard deviation of 2.733 while in the studies carried by Martini et al the onset of oligoarthritis occured at a median 5-years of age, followed by enthesitis related arthritis, and seropositive polyarthritis at a mean age of at least 8 to 9 years. Similar to most countries, the most common JIA subtype in Taiwan is oligoarthritis ([@b17-epj-08-2897]). In Egypt, it has been found that the prevalence of JIA amongst 10--15 year old school children was equivalent to 3.3 per 1000 ([@b18-epj-08-2897]). Clinic based studies on the other hand appear to report lower prevalence rates - perhaps reflecting that many clinicians fail to recognize JIA and therefore these children do not make their way to medical care in large study centers, therefore underestimating the true prevalence ([@b19-epj-08-2897]). Regarding symptoms, Ellis et al stated that pain was the cardinal feature of JIA followed by morning stiffness that improved later in the day. Our study showed that the most common clinical symptoms were non-specific initially, and included lethargy, reduced physical activity, and poor appetite. This was followed by limping then morning stiffness. Joint deformities were uncommon in both studies ([@b20-epj-08-2897]). Juvenile idiopathic arthritis can affect joints, ligaments, muscles and internal organs, and is typified by chronic inflammation in numerous tissues of the body. Longstanding inflammation can be a cause of stiffening and deformation of the affected joints, and can become a significant hindrance to growth. Growth retardation may bring about significantly diminished body stature in the shortest third of the population, defined as body height more than two standard deviations below the mean height for the population ([@b21-epj-08-2897]). In chronically ill children the dynamics accountable for growth retardation include primary and secondary malnutrition, long-term stress affected by being chronically ill or handicapped, recurrent infections, and adverse reaction to therapy. Defining how much growth retardation is due to the disease itself and how much to the side effects of treatment is often problematic ([@b22-epj-08-2897]). In our study, comparing the patients' weight to the Egyptian growth charts, seventeen patients' weights (34 %) were below normal centiles for age. While comparing patient's height to the Egyptian growth charts, ten patients' heights (20 %) were below normal centiles for age. Our data was supported by study done by Simon et al showing that the proportion of children with JIA that are abnormally short ranges from 10 to 40%. They stated also that in children with the systemic subtype of the disease and in children with numerous affected joints, growth retardation is pointedly more relentless. Growth retardation in children with widespread joint damage is also more serious than in children with premature or moderate anatomical changes ([@b23-epj-08-2897]). Our study was supported by others carried out by Alfredo et al which stated that sexual development is hindered in children with JIA. There is a substantial association between the activity of the disease and the age of puberty in children with chronic arthritic disorders. Menarche occurs almost two years later in young females with JIA than in healthy children. In young males, puberty is hindered due to reduction of testosterone production by the testicular Leydig cells. ([@b24-epj-08-2897]).

In our study, fifty patients with JIA were included; anti-cyclic citrullinated peptide (ACCP) antibodies was noticed positive (≥ 5) in 4 (8%) while it was negative (\<5) in 46 patients (92%). ACCP ranged from 0.3--200 with a mean of 11.202 ± 40.2144. Out of these 4 patients with positive ACCP, three were females (75 %) while only one was male (25 %). These four patients were characterized by having average age of 10.25 years and average age of onset of 8.5 years. All of them having polyarticular onset and were in disease activity. While in recent study done by Omar et al, fifty four patients with JIA were included, thirty four were females (63 %) and twenty were males (37 %). ACCP was positive in thirteen patients (24 %), out of whom twelve patients had polyarticular onset, one patient had systemic onset ([@b18-epj-08-2897]). In our study, it has been found that ACCP antibodies were highly significant as regard the type of onset especially the polyarticular JIA in comparison to other types of JIA (P = 0.001) which supports other studies done by Quartier et al & van Rossum et al. which stated that anti-CCP antibodies were higher in JIA patients with polyarticular onset compared to other subsets of JIA patients. This was unlike the study carried by Ferucci et al. which stated that anti-CCP-positive in all subtypes of JIA ([@b4-epj-08-2897]) ([@b25-epj-08-2897]) ([@b26-epj-08-2897]). As noticed in Moroldo et al.'s study, ACCP antibodies were reported to be an indicator & good markers of disease activity of JIA. Our study which demonstrated weak correlation between the prevalence of ACCP antibodies & the disease activity in those patients ([@b11-epj-08-2897]). In our study there was no significant statistical difference regarding the relation between ACCP and each of sex, age, age of onset, and disease duration. This was in agreement with Omar et al.'s study ([@b18-epj-08-2897]). On the other hand, Kwok et al stated that ACCP antibodies can be indicators for the severity of the rheumatoid process and can be predictors of progressive radiological damage in bones ([@b2-epj-08-2897]). This is shown in our study as there is a strong correlation between the prevalence of ACCP antibodies & the evidence of radiological complications. Also other studies done by Syed et al supported our study in the likely effectiveness of anti-CCP antibodies in observing JIA patients to determine the consequences of the disease. In general, RF isotypes and anti-CCP isotypic antibodies have revealed growing importance in the evaluation of JIA patients to ascertain which patients may have more aggressive or severe disease and to support treatment plans likely to prevent joint damage and disability ([@b10-epj-08-2897]). Consistent with this information, the most recent work by Gupta et al. revealed anti-CCP antibodies could be identified more regularly in the sera of JIA patients with severe manifestations such as erosions and deformity which was also indicated in our study. It is also significantly more associated to seropositive polyarticular JIA than other forms and could serve as a valuable marker to calculate severe courses of JIA at its onset, in order to guide optimal aggressive therapy ([@b27-epj-08-2897]). In our study, there was a strong correlation between the prevalence of ACCP antibodies & rheumatoid factor positivity, which supports the study carried by Habib et al. & another study carried by Skare et al. which confirmed anti-CCP was positively and significantly correlated with IgM RF, being higher in JIA patients with polyarticular onset with positive RF compared to other JIA subsets (p=0.012 and p \< 0.0001 respectively) ([@b28-epj-08-2897], [@b29-epj-08-2897]).

5. Study limitations
====================

Some limitations were noticed during collecting data from JIA patients in our study mainly in the form of limited number of JIA patients which were collected only from one medical facility. Another limitation to our data collection was measuring ACCP antibodies level at one point in the disease course for each patient which would not provide accurate significance of ACCP levels before & after treatment. Other studies should be carried out for indicating the significance of ACCP antibodies in follow up for patients during activity versus remission, before & after therapy.The current obtainable data maintains that anti-CCP antibodies can also be identified in patients with JIA. Despite the sample series in our study being too small to draw definitive judgment, our findings are apparently more inclined to local anti-CCP antibody production among JIA patients with polyarticular patterns of onset and seropositive for RF.

6. Conclusions
==============

Anti-CCP positivity can be identified among patients with JIA, particularly JIA patients with RF positive polyarticular disease onset. Most significantly is that anti-CCP positivity is pointedly related to bone erosions, degree of joint damage, and ESR levels. Considering this, anti-CCP may be a valuable marker only in the polyarticular form of JIA to direct early and may be aggressive therapeutic intervention.
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